1. Background {#sec81295}
=============

Falls and related injuries are one of the health problems of the elderly and communities with an elderly population ([@A22925R1]). The frequency of falls is higher in the elderly, women, individuals with a previous history of falling, and the residents of nursing homes ([@A22925R2]). Population and disease control programs and improved education have increased life expectancy and the percentage of the elderly in different societies ([@A22925R3]). Falls occur in about 35-40% of the elderly during one year and about half of them experience repeated falls. In the US, accidents are the fifth common cause of elderly mortality and falls are the most common cause of trauma in this age group ([@A22925R4]).

A fall can have lethal and non-lethal consequences. About 11% of the older people die following the falls ([@A22925R5]). The mortality trend of the falls increased by up to 59% in the US, Finland, and Spain and from 31.8 in 100000 to 46.7 in 100000 in men and from 19.5 in 100000 to 31.1 in 100000 in women from 1993 to 2003 ([@A22925R6]-[@A22925R8]). About 40-60% of the falls end in injury. Fracture of the limbs, blow or impact to the skull and brain, fracture of the vertebrae and ribs, and soft tissue and internal organ injury are common consequences, which result in dependence, decreased self-efficacy and fear of falling, restricted daily activities, hospitalization, and admission to the nursing home, and impose costs on the person and the society ([@A22925R9], [@A22925R10]). It has been estimated that about 40% of long hospital stays in the elderly are due to falling ([@A22925R11]).

Fractures comprise about 10-20% of the injuries with hip fracture being the most frequent. Half of the elderly population with hip fracture cannot return to normal life and experience levels of disability and about 20% of them die during one year. Head trauma and fractures of the upper limbs are other serious complications of falling ([@A22925R12], [@A22925R13]). It has been estimated that one third of the costs of accidents are related to falls and two thirds of the direct costs are related to hospitalization. It has been predicted that the number and costs of fall-related injuries will increase by three times and the rate of hospitalization due to falls will increase by 10 times by 2050 ([@A22925R14], [@A22925R15]).

Many risk factors are associated with falling, which are categorized as internal or environmental factors or personal, nutritional, economic, social, drug, and medical status causes. Low light of the environment, unsafe stairs, slippery rug, improper shoes, concomitant use of several drugs, use of hallucinogens, musculoskeletal weakness, balance and gait disorders, visual impairment, nutritional problems like calcium and vitamin D insufficiency, and cardiovascular disease are more common risk factors of falls in the elderly ([@A22925R4], [@A22925R16], [@A22925R17]). The increase in the number and percentage of the elderly in modern societies, rapid growth of the elderly population in Iran, differences in the risk factors for falls in different societies, the high incidence of falls in the elderly and high expenses of falls and fall-related injuries in the elderly show the necessity of conducting studies in this regard.

2. Objectives {#sec81296}
=============

Considering the lack of adequate and accurate information in Iran, the present study was conducted to determine the types of fall-injuries and their related risk factors in the elderly population of Qom Province, Iran. The results of this study can be useful in advance care planning for the elderly.

3. Patients and Methods {#sec81297}
=======================

In this retrospective study, hospital files of all individuals (65 years and over) who were hospitalized at Qom Shahid-Beheshti Hospital due to falls between 2010 and 2012 were reviewed. This hospital is the major trauma center in Qom. The external cause codes of w00-w19 based on ICD-10 related to falls were selected from the health information system of the hospital (HIS) and the data from 2010 to 2012 were extracted. Inclusion criteria were the age of 65 and older and the occurrence of falls between 2010 and 2012. After organizing the primary data based on the patients' age, all patients who were at least 65 years old were selected and their files were accessed through their hospitalization codes. The external causes and the patients' age were rechecked against their files and missing data were completed. In addition to age and the external causes of falls, the variables of sex, hospitalization date, discharge date, duration of hospital stay, final diagnosis, surgery and its code, and death and its cause(s) were extracted from the patients' files by an experienced medical document expert. The collected data were entered into SPSS software for statistical analysis. Mean and standard deviation were estimated for quantitative variables and frequency was calculated for qualitative variables. In addition to providing a description of the patients, the duration of hospitalization for different diagnostic codes was investigated and the relationship between the duration of hospitalization and underlying variables was also evaluated using the independent sample t test, ANOVA or their non-parametric equivalents (Mann Whitney U and Kruskal Wallis). The level of significance was set at P \< 0.05.

4. Results {#sec81298}
==========

Of all the patients, 180 (42.45%) were male. The mean age of the patients was 78.65 ± 7.70 years with a median of 79 years (range, 65-109 years old). Most of the falls (36.6%) occurred in 2012. [Table 1](#tbl20646){ref-type="table"} shows the distribution of different age groups based on the year of hospitalization. In the three years of the study, the age groups 75-84 and 85 and older had the highest and lowest proportion, respectively. The time distribution of the falls did not differ among months and seasons and 24.80%, 26.40%, 24.30%, and 24.50% of the patients were hospitalized in the spring, summer, autumn, and winter, respectively.

A total of 404 elderly people (95.50%) had medical insurance policies, including Medical Services Insurance (40.10%), Social Security Insurance (40.10%), Imam Khomeini Relief Foundation Insurance (10.40%), Armed Forces Insurance (7.50%) and other insurances (2.60%). The external causes of falls were fall on the same level from slipping, tripping and stumbling in 291 people (68.63%), fall from height in 88 people (20.76%), fall on and from stairs and steps in 33 people (7.78%), fall involving bed in 8 people (1.89%) and other causes in 4 people (0.94%).

Regarding the final diagnosis documented in the patient file, the most frequent injuries were hip fracture (n = 121, 28.54%), intertrochanteric fracture (n = 112, 26.42%), and head trauma, skull fracture, and brain hemorrhage (n = 51, 12.03%). [Figure 1](#fig15703){ref-type="fig"} shows the distribution of final diagnosis in the hospitalized elderly. According to [Figure 1](#fig15703){ref-type="fig"}, fracture of the lower limbs (62.80%) was the most common injury. Surgery was performed on 273 hospitalized persons (64.39%) and the remaining 151 elderly people (35.5%) received medical treatment. Of 51 cases of head trauma and injury, 29 cases (57%) underwent surgery.

The total hospital stay was 3108 days, the mean hospital stay was 7.33 ± 3.63 days, and the median hospital stay was 6 days, ranging from 1 day to 44 days (95% CI: 6.98-7.68). The mean hospital stay was 7.9 ± 7.5 days in men and 6.8 ± 6.17 days in women with no significant difference. Moreover, the mean hospital stay was a little longer in older patients; however, the difference was not significant. Hospital stay was significantly longer in patients who received surgery and died when compared to the patients who did not undergo surgery and recovered (P \< 0.001). [Table 2](#tbl20647){ref-type="table"} shows the mean and standard deviation of the hospital stay for each diagnosis. According to [Table 2](#tbl20647){ref-type="table"}, the mean hospital stay was the longest in cases with distal femur fracture and skull injuries and was the shortest in cases with sprain, strain, and dislocation.

A total of 40 elderly persons (9.4%) who were hospitalized due to falls died in the hospital, which comprised 20 main causes of death all together. The most common causes of death in the hospitalized patients were circulation and blood problems (35%), neurologic problems (30%), and respiratory problems (25%). The death rate was 10.6% in men, 8.6% in women, 10.6% in surgical cases, 7.3% in nonsurgical cases, 5.8% in the younger elderly (65-74 years old), and 12.7% in the older elderly (≥ 85 years old). The association between age, sex, surgery and death was not statistically significant ([Table 3](#tbl20648){ref-type="table"}).

###### Distribution of the Age of the Elderly Hospitalized Due to Falls Based on the Year of Hospitalization ^[a](#fn18340){ref-type="table-fn"}^

  Variable      2010        2011        2012        Total
  ------------- ----------- ----------- ----------- ------------
  **Ages, y**                                       
  65-74         31.3 (45)   35 (28)     57 (36.8)   137 (32.3)
  75-84         61 (42.2)   59 (47.2)   57 (36.8)   177 (41.7)
  \> 85         39 (26.4)   31 (24.8)   41 (26.5)   110 (25.9)
  **Total**     144 (100)   125 (100)   155 (100)   424 (100)

^a^ Data are presented as No. (%).

###### Mean Hospital Stay Due to Falls in the Evaluated Elderly Population ^[a](#fn18341){ref-type="table-fn"}^

  Injuries or Fractures                Patient, No.   Length of Stay, d
  ------------------------------------ -------------- -------------------
  **Hip**                              121            0.66 ± 7.60
  **Intertrochanteric**                112            8.14 ± 0.27
  **Shaft of femur**                   7              1.05 ± 7.58
  **Distal of femur**                  14             5.50 ± 9.24
  **Pelvis and acetabulum**            29             3.87 ± 6.03
  **Tibia, fibula and patella**        8              3.00 ± 4.80
  **Head trauma**                      51             6.80 ± 9.00
  **Vertebra**                         28             2.60 ± 5.50
  **Ribs**                             8              2.95 ± 2.00
  **Humorous and clavicle**            7              1.80 ± 2.70
  **Radius, Ulna and metacarpus**      17             4.00 ± 4.60
  **Strain, sprain and dislocation**   6              0.55 ± 1.50
  **Unknown**                          16             3.00 ± 5.20
  **Total**                            424            3.63 ± 7.33

^a^ Data are presented as mean ± SD.

###### Distribution of the Death of the Elderly Hospitalized Due to Falls Based on the Age, Sex, and Surgery ^[a](#fn18342){ref-type="table-fn"}^

  Variables           Alive        Death       P Value
  ------------------- ------------ ----------- ---------
  **Gender**                                   0.49
  Male                161 (89.4)   19 (10.6)   
  Female              223 (91.4)   21 (8.6)    
  **Age Group, yr**                            0.17
  65-74               129 (94.2)   98 (5.8)    
  75-84               159 (89.8)   18 (10.2)   
  ≥ 85                96 (87.3)    14 (12.7)   
  **Surgery**                                  0.26
  No surgery          140 (92.7)   11 (7.3)    
  Surgery             244 (89.4)   29 (10.6)   

^a^ Data are presented as No. (%).

![Frequency Distribution of Different Final Diagnoses in the Elderly Population Hospitalized Due to Falls](atr-04-01-22925-i001){#fig15703}

5. Discussion {#sec81299}
=============

The present paper exclusively evaluated hospitalization due to falls in the elderly. Although this study does not represent the whole Iranian population, it provides valuable information on the injuries. In our study, 57.5% of the elderly who were hospitalized due to falls were women, which is in line with the results of the studies by Zamani, Alamgir, Orces, Pfortmueller and Skalska and their colleagues ([@A22925R18]-[@A22925R22]). Osteoporosis due to hormonal changes is common in menopausal women, which can result in fracture and hospitalization ([@A22925R23]).

The mean age of the hospitalized elderly in our study was 78.65 years and 44.6% of the elderly were in the age group 75-84 years. The age group 85 years and over comprised the lowest number of hospitalized elderly. Studies performed by Mould-Quevedo, Skalska and Ungar have reported more hospitalization in the age group 75-84 years, which is congruent with our findings ([@A22925R15], [@A22925R22], [@A22925R24]). Since the number of older people in the age group 85 years and over in the society is less than other elderly groups, despite the direct relationship between age and falls, fewer hospitalized elderly persons belonged to this age group. In a study by Li et al. hospital admission due to falls in the active elderly was 6 times more than the old and disabled elderly. Moreover, the prevalence of musculoskeletal, balance, and visual disorders and other chronic diseases is related to age, which makes them more prone to falls and fall-related injuries ([@A22925R25]). The fewer number of older people in the age group 85 years and over, their inactivity, more support of the family, and more admission to institutes and nursing homes may be the reason for less hospitalization in this age group ([@A22925R26], [@A22925R27]).

The most common external causes of falls were fall on the same level (68.8%) followed by fall from height and fall on and from stairs. Fall on the same level was reported in 55% of the patients by Adam ([@A22925R28]) and in 68% of the patients by Ghodsi ([@A22925R29]), which is similar to the results of the studies performed by Skalska ([@A22925R22]), Mitchell ([@A22925R30]), Salarvand ([@A22925R31]) and Harvey ([@A22925R32]). Many studies have reported balance disorders, visual and gait problems, orthostatic hypotension, and slipperiness of the surrounding area of the house as risk factors for falls in the elderly, which mostly result in fall on the same level ([@A22925R2], [@A22925R16], [@A22925R17], [@A22925R33], [@A22925R34]).

Injuries of the lower limbs, especially the femoral neck and intertrochanteric fracture, were the most common among the hospitalized elderly ([@A22925R35]) followed by skull and brain injuries (12.2%) and injuries of the upper limbs. According to some studies, fractures of the upper limbs, vertebrae, hip, and head trauma closely follow hip fracture, which is similar to our results ([@A22925R29], [@A22925R36], [@A22925R37]). Adam reported that fractures of the lower limbs were the most common and brain damage was detected in 9% of the patients who fell on the same level ([@A22925R28]). Falls are the second cause of brain and spinal injury in the elderly ([@A22925R38]).

Among different types of brain injury, subdural and subarachnoid hemorrhage and hematoma were more common in our study. In a review study, Harvey et al. evaluated brain injury following accidents in the elderly in 2012 and reported that subdural and subarachnoid hematoma were the most common brain injuries and falls were the most common cause of accidents (82.9%), which is similar to our findings ([@A22925R32]). In a study in Italy, Iaria found that head trauma together with thorax trauma were the most common injuries in accidents ([@A22925R39]). The difference between the findings of this study and our study could have resulted from the evaluation of traffic accidents, which increases the frequency of head trauma. In most extensive studies, fractures of the lower limbs are in the first diagnostic rank. The difference in the second rank in patients hospitalized in different hospitals is related to the referral bias ([@A22925R40]).

The mean hospital stay was 7.33 days in our study, 7.63 days in a study by Nader ([@A22925R36]), 7.23 days in a study by Soltani ([@A22925R41]), 7.99 days in a study by Zamani ([@A22925R18]), 16.3 days in head trauma patients in a study by Abasi Moghadam ([@A22925R42]), 9 days in a study by Vu ([@A22925R43]), and 4-15 days in a study by Das ([@A22925R44]). The mean hospital stay was longer in patients with head trauma in our study, as well. In our study, there was a significant positive correlation between the duration of hospital stay and age, mortality, and surgery, which was in line with the results of studies conducted by Zamani, Nader, Soltani and Abasi Moghadam ([@A22925R18], [@A22925R36], [@A22925R41], [@A22925R42]). In general, hospital stay is longer in the elderly patients when compared to other age groups and depends on the type of disease, concomitant diseases, and type of intervention. Watson reported that hospital admission rate due to falls increased by 1.7% annually from 1999 to 2009 in Australia and predicted that the rate would increase by 10 times by 2050. Considering the trend of population aging in many countries, the trend of falls and fall-related injuries and hospitalization will be increasing in most countries ([@A22925R45]).

In our study, 40 persons (9.4%) died. Other studies have also reported death due to falls or due to accidents in general. Nader et al. reported death in 6.28% and 2.5% of the people who were hospitalized due to accidents and falls, respectively ([@A22925R36]). Death was reported in 17.2% of the patients with femur fracture in a study by Zamani ([@A22925R18]), in 11% of falls and 25% of falls from height in a study by Aschkenasy ([@A22925R46]), in 6% of falls in a study by Siracuse ([@A22925R47]), and 13% in head trauma patients in a study by Harvey ([@A22925R32]). The deaths reported in our study were short-term deaths in the hospital, which were affected by the type and severity of the accident, hospital admission rate, and specialties available in the hospital. The rate of fall-related deaths would have increased if we had included deaths before referral to the hospital or deaths related to falls and their complications after discharge ([@A22925R48]). Numerous studies have identified falls as the most common cause of death due to accidents in the elderly ([@A22925R6], [@A22925R8], [@A22925R49]). Wendelboe reported a fall- related mortality rate of 5.6 in 100000 in the US and 11.7 in 100000 in New Mexico in 2005 while in 2012 ([@A22925R6]), Alamgir reported a fall-related mortality rate of 36.8 in 100000 in 2003 to 44.9 in 100000 in 2007 with a 22% increase ([@A22925R19]).

In our study, death rate was higher among men than women; however, this difference was not statistically significant. Ghodsi ([@A22925R29]) and a study conducted in Finland reported similar findings ([@A22925R8]), while Alamgir found that the mortality rates were significantly higher in women than in men ([@A22925R19]). The reason for the lack of significant difference in death in our study could be its less power due to low number of deaths. In our study, the mortality rate was higher in older age groups. More concomitant diseases and general weakness of the older elderly result in a higher mortality rate. The relationship between age and fall-related death has been reported in other studies, as well ([@A22925R25], [@A22925R30], [@A22925R50]).

According to the results of our study, the most common causes of hospitalization in the elderly victims of falls were femur neck fracture, intertrochanteric fracture and head trauma. The longest hospital stay was seen in distal femur fractures and brain injuries. About 9% of the hospitalized patients died. Execution of effective fall-prevention programs in the elderly can reduce the load of fall-related injuries, improve health in this age group and reduce the costs.
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